In this study an attempt has been made to evaluate the hydrocarbon prospectivity of Central Tripura. The geological factors, surface exposures, geochemical anomalies, seismic expressions have been studied and were correlated with distribution pattern of gas fields in Bangladesh. Discoveries of oil and gas in and around of the study area have been studied and prospects have been analyzed in light of various risks associated with them. The requirement for upgradation of perceived prospectivity of this area has also been proposed based on the integration study.
INTRODUCTION
The Tripura region is situated in the north -eastern sector of India, and is Atharamura anticline, northern part of the Tulamura anticline and parts of two synclines, namely, Khowai and Dolai, situated at the western and eastern side, of the Atharamura anticline respectively as shown in the Figure 3 .1 ( Ganguly, 1993) . The Atharamura anticline, the longest (about 100 km) and largest of all the anticlines exposed in Tripura fold belt constitutes almost half of the study area. It extends for more than 25km in Bangladesh towards south. The Tulamura anticline situated in the southern most part of the study area is disposed enechelon to the hydrocarbon bearing Baramura anticline (Figure 3 .2). The major part of this anticline goes to
Bangladesh towards its south. Exploratory efforts so far have brought out a number of commercially viable gas fields in and around the study area such as Baramura,
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Rokhia, Agartala Dome and Gojalia in the western part, Moulavi Bazar, Rashidpur in the north and oil shows in Haraganj to its east. A broad similarity in source, maturation, migration and entrapment coincidence between the Bangladesh and Tripura sub basin is remarkable from the foregoing discussion. Bangladesh has approximately 25 Trillion Cubic Feet (TCF) of gas initially in place and 15.52 TCF of recoverable reserves. The success ratio of Bangladesh is 3.1:1. The presence of thick sequence of reservoir quality sandstone coupled with organic rich shale, and of different kinds of traps including broad anticlinal structure, makes the basin highly prospective for hydrocarbon exploration (Imam and Hassain, 2002) . A common hydrocarbon generation center could not be ruled out, though the synclinal troughs in Tripura are capable of generating and charging the structure. However, reservoir facies of Bangladesh is better developed. It is observed that the average Helium porosity is estimated as 19% and varies within the range from 5% to 28% (Islam, 2009 ). Hileum porosity reduces with increasing depth due to the detrital grain Range to the east and this was followed by an increase in the rate of subsidence of the basin. In the Bengal Basin sedimentation is thought to have taken place in five distinct phases namely: Permo -Carboniferous to early Cretaceous; CretaceousMid Eocene; Mid Eocene -Early Miocene; Early Miocene -Mid Pliocene; and Mid Pliocene -Quaternary. Moreover in Bengal Basin the characterization of reservoir rocks are fine to medium grained sandstone, sandstone -siltstone interbeds and laminated siltstone. Surma Groups (Bokabil and Bhuban formation) sediments are deposited in a deltaic setting (Holtrop and Keizer, 1970 and Johnson and Alam, 1991) and it is also observed that quartz (mostly monocrystalline), renging from 44% to 54% dominates the dertrital mineralogy in Bengal Basin (Islam, 2009 In light of the above, we tried to describe the tectonic similarity between Central Tripura and Bangladesh. In this study, hydrocarbon prospectivity of the area has been analyzed using various geological and geophysical studies carried out
independently. An attempt has been made to integrate all these studies to derive a meaningful geological model of the area. The outcome of such study is aimed at identifying various plays within this area and to minimize the risk of exploration targets. A conceptualized future work programme has also been envisaged in order to upgrade the value of exploration plays.
RESULT AND DISCUSSION

Tectonic Framework and Basin Evoluation of Bengal Basin
Beyond the geographical boundaries, the sub -basins of Tripura and Bangladesh form a single geological entity representing a part of the basinal facies of AssamArakan basin, which came into existence during late Cretaceous collision and concomitant subduction of the Indian plate margin below Burmese plate. This combined geological unit can be subdivided into three broad tectonic elements:
Sylhet through to the north, Tripura -Chittagong to the east and southeast and Pathuakhali depression to the south beyond which the basin opens up in the Bay of Bengal ( Shamsuddin et al., 1997) . The basin exhibits a general N -S trend, designated as Chittagong strike which abuts against the Hail Hakalula lineaments in the northwest within the Bangladesh plains. Surma basin defines the northernmost extension of the fold belt; while the more prominent Bengal basin defines the western and southern extension of the belt .The uplifted Tripura fold belt had Chapter -3 ____________________________________________________________________ 52 undergone severe folding, faulting and thrusting during the different phases of post collision orogenies, the intensity of which increases eastward (Kunte, 1989) .
Tectonically, this fold belt comprises a series of sub-parallel elongated enechelon doubly plunging anticlines separated by wide and flat synclines (Khar et al., 1984) .
The anticlines are usually bounded by longitudinal reverse faults on one or either limbs, which disappear towards the plunge of the folds (Kunte, 1989 ). The young cross faults and oblique faults of multiple alignments with strike slip component offset the longitudinal faults and the fold axis (Khar et al., 1984) . 
Stratigraphic Succession
The Tripura sub -basin is constituted by a huge Tertiary sedimentary sequence of Post Cretaceous to Pleistocene age (Momin et al., 1999) . The generalized stratigraphic section in the study area is given in Figure 3 
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Figure. 
Hydrocarbon Potential
Hydrocarbon Province of Bangladesh
Till now more than twenty gas and gas-condensate fields have been discovered in The Eocene Kopili shales are potential sources of hydrocarbons in the Surma group (Leitz and Kabir, 1982) . Moreover in Surma group the sandstones show fairly good porosities (15% -25%) and permeabilities (100 -1500 mD) which are mostly sublitharenites, fine to medium grained, texturally mature with little clay and cements (Imam and Shaw, 1985; Imam, 1987 ).
In the above discussion a broad similarity between the petroleum ingredients of Tripura and Bangladesh has been worked out. Although a common depocentre cannot be pointed out but the synclinal closures are capable in charging the potential hydrocarbon traps (Momin et al., 1999 ).
Aerogravity Survey
Aerogravity has helped to bring out the basement configuration (Figure 3.7) . The northern part of the study lies on a gravity high which goes down towards southeast in the northern part and towards south in the southern part. Gravity survey conducted in Bengal and Assam-Arakan basins covers the study area and its surrounding area.
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The Bouguer anomaly map shows that Tripura including the study area lies on regional gravity high trending NNE-SSW (DGH, 2008).
Landsat Imagery Study
The author purchased landsat imagery map and studied the same, accordingly the interpretations were made. Structural and denudational processes dominate geomorphology of the Central Tripura. The Khowai syncline represents a structural valley with mounds of Dupitila. Overall drainage pattern in the northwestern part of the area is dendritic and parallel to sub-parallel pattern in the southern part of Khowai and Dolai syncline. The most significant feature of the map is the presence of two dominant "geomorphic highs", one in the northern part of the area (annular) and the other on the northwestern part of the area (radial). It may be highlighted that Baramura gas field of ONGC forms part of the radial geomorphic high identified in the northern part of the area. These two anomalies are indicative of presence of subsurface geological structure, which is important from hydrocarbon exploration point of view (Figure 3.8a, 3.8b and 3 
.8c). The distinction between Upper and Lower
Bhuban is also supported by trace fossil assemblage. The upper Bhuban is arenaceous predominating with sandstone, shale and siltstone separated by conformable and transitional contact from middle Bhuban which is argillaceous. The middle Bhuban is separated from lower Bhuban (arenaceous in nature) by conformable and transitional contact.
Geological Mapping
Geological field mapping have been carried out by Oil and Natural Gas Corporation of India (ONGC) in the study area covering the Atharamura and Tulamura anticlines that has helped to understand its structure and lithological
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character. It has been reported that about 50% of the total wells were drilled on the basis of surface geological mapping of which nearly 75% were successful and discovered as gas wells.
In the Tripura Fold Belt, the westward arcuate folds have a general north-south trend and are generally disposed in enechelon pattern. The folds are becoming structurally higher eastward that is older and older units are exposed in the core of The Baramura anticline to the west is separated from the Atharamura anticline by the broad Khowai syncline, whereas to the east, the Batchia anticline is separated from Atharamura-Tulamura line of anticlines by the Dolai syncline. The N-S trending Atharamura anticline is the longest (about 100 km) and largest of all the anticlines exposed in Tripura fold belt. It extends into Bangladesh in the south by more than 25 km and in the north by about 2 km. It has two culminations, the northern one being larger than the southern one. It covers an area of approximately 780 sq. km within the Central Tripura. The eastern limb of the anticline is steeper and shorter than the western one and is affected by a major longitudinal reverse fault heading towards west. As per LANDSAT imagery data, the fold is also affected by two sets of cross faults; one set is oriented in NE-SW direction and the other in NW -SE direction.
The NNW-SSE trending Tulamura anticline lies southwest of the Atharamura anticline. To the west, it is separated from Gojalia anticline by the Bopagha Syncline 
Geochemical Analysis
Numerous surface and subsurface manifestations of natural gas in Tripura suggests the existence of conditions conducive to hydrocarbon generation in this region (Ganguly, 1983) .The geochemical studies carried out in the area (Figure 3.10) indicate that the surface hydrocarbon regime has not been generally perturbed by the upward migration of subsurface hydrocarbon accumulation (Khan etal., 1999) .
However, considering methane anomalies and propane as one of the established hydrocarbon proximity indicator, one may look for prioritizing geomorphologically
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or seismically mapped prospects in the region between Teliamura-Ambassa where central part of the area shows gas ooze with high methane and propane concentrations around Kaiphang (southern tail of the area). The analysis shows that 97% of the samples are characterized by varying concentration of methane from 1-79 ppb and few samples have ethane, propane, isobutane and normalbutane. These numerous surface and subsurface manifestation of natural gas in Tripura suggest existence of conditions conducive to petroleum generation in the region.
Seismic Studies
Within the study area, Common Depth Points (CDP) seismic surveys were conducted acquiring 24 fold data in limited areas of the Khowai and Dolai synclines 
Seismic Reprocessing and Interpretation
Reprocessing efforts made by Polish companies have significantly improved these seismic studies in terms of continuity of reflectors and strength, whereby it has become possible to pick up reflector upto the level of 3000 ms. Various structural features like faults, anticline trends are also more confidently mapped in the reprocessed data compared to the originally processed data (Figure 3.11) . Prestack time and depth migration have been applied to the data with various levels of iterative residual statics.
Available 2D seismic has given the idea of structure of only the synclinal parts of the area (Richards et al., 2003) . Interpretation of 2D seismic show some reversals in N-S orienting lines however, it was not possible to map the areal extension of all these structural reversals due to absence of adequate cross lines. The most convincing structure is found near the Teliamura which is a three-way dip closure. This kind of concealed low amplitude subsurface structural highs indicated by the photogeological and Landsat image analysis within the synclinal areas can be prospective (Momin et al., 1999) . Agartala Dome gas field is one such concealed structure located within Agartala syncline (Figure 3.6 ). 
Shallow Exploration Targets
It includes mainly the shallow reservoirs which are primarily controlled by structure along with stratigraphic variations like channel cut and fills lensoidal sand bodies as additional plays. The potential source is established as deep from where hydrocarbons are migrated and entrapped in these shallow stratigraphic comes structural plays. This phenomenon and the in situ generation of gas-condensate from Lower Bhuban shales make the exploration of synclinal areas attractive as tectonic influence is minimal and preserve better cooking environment for longer time as compared to the anticlines which were shadowed up. Therefore, the concealed low amplitude structural highs indicated by the photogeological and Landsat image
Chapter -3 ____________________________________________________________________
74
analysis within the synclinal areas are merit attention. Agartala Dome gas field is one such concealed structure located within Agartala syncline (Momin et al., 1999) .
However, there is a risk of escaping of gas in the areas of structural complexities (from east of Atharamura). This could be a very convincible explanation of why the wells at Harargaj went dry in spite of continuous gas shows observed during drilling.
Hence, exploratory success for shallow prospects lies in the comparatively less disturbed plunge areas of these complex structures where the younger rocks form the potential cap and the deep-seated younger cross faults provide the trapping mechanisms (Momin et al., 1999) . The gentle plunge of the Tulamura anticline has such a high possibility of being hydrocarbon bearing like the Gojalia structure which is in the immediate west of this anticline. In Tripura area, gas entrapment is mostly controlled by structures (Figure 3.12 ).
Deeper Exploration Targets
Here, we discuss possible hydrocarbon plays in the study area, analogy drawn from neighboring various discoveries:
i.
The presence of first order topography in Tripura where in the structures manifested on the surface continue in the subsurface with minor changes is a criterion noticeable at the first sight from the structural point of view with a shift in the axis as we propagate downwards.
ii. In this province, ENE -WSW strike slip faults control entrapment along anticline axis. Separate closures within the same anticline have different pools. Sinuosity of Atharamura structure, possibly the effect of younger cross cutting strike slip faults resulting into the displacement of axis and Chapter -3 ____________________________________________________________________ compartmentalizing the structure into three main parts, the structurally highest portion felled the central compartment. If it is compared to the nearby Baramura structure, these cross cutting faults plays vital role in defining the prospectivity of this structure, because the Baramura gas field is defined by a N-S orienting reverse fault in its eastern limb and ENE-WSW crosscutting faults thereby limiting the structure in its northern culmination.
iii. Crest and plunge of anticlines: Crest and plunge along the axis of anticlines of Tripura Cachar Fold Belt have already been proved as highly prospective by the various gas discoveries. The Tulamura anticline is enechelon to the gas bearing Baramura anticline. Towards the immediate east of Tulamura is the Gojalia anticline, which is having a similar structural set up like Tulamura. This Gojalia anticline is enechelon to Rokhia and Tichna anticline respectively in the west and northwest. The plunge of this Gojalia anticline has proved hydrocarbon entrapment. Similarly, at the plunge of the Atharamura anticline, Moulavi Bazar gas field is located (in Bangladesh). As such the plunge of the Tulamura anticline, which is within the study area, merits attention.
iv.
Although a number of crosscutting faults have divided the Atharamura anticline into a number of compartments, the flank part of the anticline is less affected. This means that these parts of the anticline are less compartmentalized. As there is no report of gas seeps up dip it provides a possibility of encountering leads in the flank parts, which are sealed by conceptualized faults. The sealing faults could be against sandstonemudstone contact or by smearing clay down the fault plane along sandstonesandstone contacts.
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Risking of Plays
Central Tripura is riddled with risk. The structural deposition of anticlines and synclines possess largest challenge from exploration point of view. Some of the risk indentified is described as followings: Figure 3 .12 Gas seepage near the study area. The same is also seen in the shot gather and in the SEGY seismic data. The leaky faults were identified which are the conduits which oozes out hydrocarbon to the surface. This is also confirmed by geochemical anomalies.
The study area is highly dominated by faults and thrusts and presents two kinds of risks of prospects. Nature of the faults (whether sealed or leaky) plays a vital role in defining the chances of hydrocarbons trapped in structural plays. Gas seepages are quite common in this area, where faults are mainly acting as conduits for gas to escape. Apart from these faults, whether medium angled or low angle reverse fault (thrust) is also important in defining the reservoir geometry and extent.
ii. Plunge angle of the anticlines steep or gentle, plays another important role in the risking of various structural plays. Gentle plunge of anticlines less deformed by tectonic activities are considered as more prospective.
iii. Taking into consideration of the failure of ONGC's recent well KK1 which was drilled in a concealed structure (seen as geomorphic high) within the syncline in the close proximity of the study area brings into light another risk in terms of charging of these kind of subtle structures. However, Agartala
Dome is a well-established hydrocarbon bearing structure. 
CONCLUSIONS
Till now, geological mapping is widely used in finding out various structural plays in this region. The available seismic data are affected by structural complexity of the region such as shadowing effect of steeply dipping structures. The scanty seismic data are not adequate enough in proper imaging the deeper level. In order to minimize the above-mentioned limitations and constraints, the new seismic may be acquired to achieve better reflector continuing by applying ground mixing. The prospects in the syncline are mainly concealed anticline within syncline. The anticlines in the study area are less explored and more exploration activities need to be carried out to exploit the potential of the same.
The risk envisaged has been listed down and hydrocarbon prospectivity evaluated mostly in terms of geological and geophysical signatures.
